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Miyazaki, Y. et al. (2025). Traffic Disruptions in Box-Type Embankment-Underpasses Due to Past Earthquakes in Japan. In:
Rujikiatkamjorn, C., Xue, J., Indraratna, B. (eds) Proceedings of the 5th International Conference on Transportation
Geotechnics (ICTG) 2024, Volume 2. ICTG 2024. Lecture Notes in Civil Engineering, vol 403. Springer, Singapore.
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Sharma S, Judd WR (1991) Underground opening damage from earthquakes. Eng Geol 30:263-276 Special Issue of Soils
and Foundations (1996) Selected photographs on the 1995 Hyogoken - Nambu earthquake. Special issue on
geotechnical aspects of the 17 January 1995 10/20
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Earthquake in 2004 of Tohoku Earthquake
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Ohtsuka S., Characteristics and issue of The Mid Niigata prefecture Earthquake in 2004,

http://library.jsce.or.jo/Image DB/eq04-07/proc/02002/2006-0041.pdf (in Japanese)

lto et al., Study on behavior of culvert due to liquefaction during earthquake, 2021 Volume 67A
Pages 161-173,

https://doi.org/10.11532/structcivil.67A.161 (in Japanese)
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12/20

Proceedings of 56™ Symposium of Geotechnical Engineering, pp.37-44. (in Japanese)
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Tokida, K., Oda, K., Nakahara, A., Hayashi, K., Yorifuji, M.: Performance-based road man-agement against bump damage induced by earthquake based on driving
test, Proceedings of the JSCE Earthquake Engineering Symposium, 2007, 29, 596-604, (2007) (in Japanese). https://doi.org/10.11532/proee20050.29.596

Nanazawa, T., Ito, H., Tani, T., Sasaki, A., and Sasaki, M.: Study on behavior of culvert due to liquefaction during earthquake, Technical Note of National Institute for
Land and infra-structure Management, National Institute for Land and Infrastructure Management (NLIM), Ministry of Land Infrastructure, Transport and Tourism (MLIT),
Japan 1219 (2022) (in Jap-anese). https://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn1219pdf/ks1219.pdf last accessed 2023/11/26.
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Culverts Liquefiable ground Supporting layer
(Elastic model) (Toyoura sand, D, = 40%, (Toyoura sand, D, = 80%,
Cyclic Mobility Model Cyclic Mobility Model
Dimensions in m [Zhang, et al., 2007]) [Zhang, et al., 2007])
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® PDA-200KPB (Tokyo Measuring Instrument Lab.) for vertical pressure
® P306A SSK (Co., Ltd.) for pore water pressure gage

® BW21SG2 (Fuji Ceramics Corporation) for accelerometer
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snake line
(forecast rainfall)
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l:l Level 1: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters within 3 hours. It advisable to inform residents.

.' .
[ snake line
(actual rainfall)

[:] Level 2: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters within 2 hours. It is advisable to tell residents to move to a designated safe place.

Level 3: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
h - disasters within 1 hours. It is advisable to confirm that residents in dangerous areas have moved to a
3 I designated safe place.

60-minute cumulative rainfall (mm)

soil~water index (m m} . Level 4: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure

disasters. Conditions are expected to be very dangerous.

Fig. The evolution of the “snake line” under

actual operational conditions, with Fig. The colors are coded to show the condition indicated by the
prOJTe]Cflsokr]\ using forecast rainfall over the danger level, and the action that is recommended be taken*
next 1-3 h*

*Osanai, et al., 2010.: Japanese early-warning for debris flows and slope failures using rainfall indices
with Radial Basis Function Network, Vol.7, pp.325-338.
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Mechanical Drawing
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ZED, 2019.: detailed specifications, hitps://cdn.stereolabs.com/assets/datasheets/zed-camera-datasheet.pdf

Ortiz et al, 2018.: Depth Data Error Modeling of the ZED 3D Vision Sensor from Stereolabs, Electronic Letters on Computer Vision and Image Analysis
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https://cdn.stereolabs.com/assets/datasheets/zed-camera-datasheet.pdf

T 7 RAA AT DEH

T 7T AB AT (stereolabs fH8) DLk

Video Output Depth Sensing

Output Resolution Side by Side 2x (2208x1242) @15fps Baseline 120 mm (4.7")
2x (1920x1080) @30fps Depth Range 0.5mto25m(1.6to 82 ft)
2x (1280x720) @60fps Depth Map Resolution  Native video resolution (in Ultra mode)
2x (672x376) @100fps Depth Accuracy < 2% up to 3m

Output Format YUV 4:2:2 <4% up to 15m

Field of View Max. 90° (H) x 60° (V) x 100° (D)

RGB Sensor Type 1/3" 4AMP CMQOS

Active Array Size 2688x1520 pixels per sensor (4MP)

Focal Length 2.8mm (0.11") -1/2.0

Shutter Electronic synchronized rolling shutter

Interface

USB 3.0 - Integrated 1.5m cable

ZED, 2019.: detailed specifications, https://cdn.stereolabs.com/assets/datasheets/zed-camera-datasheet.pdf
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Miyazaki et al, 2020.: Centrifugal tests on in-flight simulation of slope failure due to seepage flow and surface flow, JGS Annual conference. (in Japanese) 62/20
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